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FAILURE ll"ll:;:l'i NUMBER CHIT;:::;LIT‘I‘ FalLURE EFFECT RETENTION AATIOMALE
FUNCTION END ITEM DESIGN - The togole switch is
Switch 28 V< o outiel 1 Shorted switch would open hermetically sealed and has an

FAILURE MODE AND CAUSE
Mode: Switch [SwW3) shoris 1e case or ground

Causa:

& Mechanical failure

& Contamination

AEDUNDANCY SCREENS | REMANWNG PATHE
A - Pan Use backup |FM breakauat box
B -~ Pasn
C - Pass
KNSSION PHASE TIME TO EFFECT | TIME TQ CORRECT
Orhit Minutaog Immediate

utility circuil breaker; o
guwer output at ouliets | and
and auniliary autput

Norwe

CREW ! VEWICLE

This failure follawed by
Lailura of tha ramaining
Jrhiter evsential bus
powering the OWE would
creatd an undetected fuel celi
emergency due 1o Ihe loss of
fuel cell coolant pump

|NMTERFACE
Sea “End Item™

snerlgas backfill and a stainless
steel case. Thereis a pasrtive
mechanical inkage betwaen
1he toggle and moveakle con-
1arts. Petent spring erxds have
a double loop far posinive
retentian intase ol spring
breakage. Application meels
the OPPL current derating
requirements far a 15-A rating.
The switch isdesigned 1o meel
the requirements of 1he Space
Shuttle pragram detailad by
Rackwetl Incermational
specification MCA52-0102.

TESTS - The part 1s «reened
and qualified 1o the require-
menis of Rockwell lentar-
national specification MCa52.
0102, Tests and inspections ara
done o the entire proguct i
check radiagraphics, dieleciric
strength, insulalion resslance, |
vibiraticn, leakage [fine and
grogi), contacl resistance, and
run-n {250 acluationg). &
visual examinalion is alsa per-
formed. Tests and inspadlions
done to quality the product
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CRITICAL ITEMS LIST

PAGE M OF i
REFFRENCE DESIGHNATOR: SW3 PROJECT: IFMBREAKOLTEDE CHASYSTF NDINE
KAME/QUANTITY: TOGGLE SWATCH/ 1 LRU MAME fQUAMTITY: JFMBREAKDUTHDX 2 EFFECTWITY: Al Qwblears
DRAWING REFERENCE: WEASY-#102-THI1 LA PART MUMBER: SEDAMII177E

RETENTION RATIONALE {Continued)

check contlact resistance at a rated current, vibration, endurance {5000 cycles a1 15 A and 20,000 cycles al 10 A, sharl circuit
{85 A}, terminal sirength, overlead {10 cycies actuation at 23 A), toggle lever strength, leakage {fine and gross), and function.

Taensure the failure modes do not exist on the ground (urnargund checkout tests and ta also determine checkout freguency of
these tests, see funclional Test Procedure. '

. INSPECTION - Inspeclions verify 1nat the pan meets the Space Shutile program reguirements detaibed by Rackwvell International

specilication MC452-0 102, which includes irspections, vibratien tests, and screaning tests as descnbed in paragoaph B, Receiving
Inspection performs visual and dimersional examination of all incoming parts. Test reports are maintained ¢enlifying material
and phytical properties. Contamination Contral/Qualily Control verifies proper maintenance and proceduras used for Ciean
Raom cperatian. A detailed inspaction an assembly installation is performed on all assembilies griar ta their nexl speration.
Inspeclion under magnification is performed prior to the closeout weld.

Naondasiruetive siamination — Radiographic inspection is perfor med prior ta the production run-in and subsequent 1o
acceplance of twe vibration test for evidence af solder migration, loose parls, and assembly anomalies.

Critical processas — All critical processes and certifications, including passivation, heat treating, plating, soldering, sandblasting,
welding, brazing, and adhesive bonding, are monitered and verilied by inspectian,

Testing = Acceptance test procedures, including 1ests on run-in, performance, whration, and hermetics, are observed and venfied
by Quality Control,

Handling/packaging - Pars are packaged, protected, and varified by inspection.

0. FAILLRE HISTORY - The most common toggle switch problem has been "teasing * Teaung occurs when 1the aperalor thinks Lhe

proper switch action has1laken place when actually it hasn't. I is a function ol the aperzator and tha switch designand can be
ehiminalad with proper seitch operatian.

1. Teasingisespecially likely to hagpen for the following switches,

3. Mamentary switches: Theinitial contacl of tha roller and the contact shoe may be felt when switching @ momentary
switch. If movement of the switch handle is stopped at this paim, potitive conta will not be made. (n a multipla pole
switch, some of the pales may or may not be making the <ircwit. In addition, a slight relaxation in holding force could

PREMARED Y. Dawe Crouch, Luis Yargquesz REWISICN  Basic SUPERSEDING LaTE. 3,91 OATE:  3/9
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CRITICAL ITEMS LIST

FAGE 17 DF 1k

REFEREMCE DESIGNATOR 5wl FRQIECT; IFM BREAKQUT BDX SUBSYSIEM: MOME
HAME FQUANTITY  TOHZGLE SWATCH /1 LA NAKE FOUANTITY: FMMEREANOUT BOX 2 EFFECTIVITY - Al Drbiibers
DRaYANG REFERENCE: MEAZ-DT10Z-TTON LA FART NLMBEA: SEDIS1ZT1TTE

RETENT!ON RATIONALE (Continued)

allew one or more cirtuils to break contact. To eliminale teasing, operate these types of switches to the hull extent of
the handie {inte a mechanical stop).

Lever lock switch: in a three-pasilion lever kack swilch, 1his condition normally occurs when 1he lever [ock handle is
pulled, trarsier action isstaned, arnd 1then Lhe lever lack handke is relepsed Befare the transfer actionis completed.
Under these conditions, the frictionat drag force of 1he locking machanism an the lock cam significantly aHects the
"faal” of tha switch trargter actian, and 1he canter detent pasition is not fell or achieved by 1he operator. Internally,
with the switch not in the center datent position, one or more of the pole mllers may be making cantaci welthihe assa-
ciated shoe, while one ar mare are not yel tauching the shoe. This if aninherent characieristic of lhe switch design and
it mora pravalent in the four-pole 1oggle switch canfiguration because of the basic 1olerande structure and larger dimen-
siors. To eliminate taaing, the handla must be placed inta its groove in the bushing er be moved to the end of its ravel.

2. The following examples describe switches that had teasing problems that are now resalved.
a. ACYSI - Problem: One pale intermittent. The metal ridge on the plunger caused uneven pressure of the roller on one

set of contact shaas. This resulted in a degreased contact pressurg uncil the contact resislance became erratic. This is
considered an isolaied incident.

ACEDSE - Prohlem: Switch operating erratically in the SAIL. Excessive lubricant was found on contacts, and spring force
was on iow side of 1olerarka limits. Thisis considered an isolated incident.

A 191 - Problem: Unable 1o 1PL 1he flight system from mass memory in SAIL. Failure resulted from a Fatigue lracture of
the retainer and was attributed ta wearaut. Data indicated that the sowitch eperated more than 12,000 cycles, which
excaeds life requiremernis by 2.5 times, The swilch was an ald design { - Guexx switch) that is not used in Hight vehicles,
Dasign changws made toimprove the switch indude;

(1} Dauble loap detant spring

[2) Elimination of dimples frorm rétainer
{3)  Improved boot retention

{4} Cross-pinning af bat handig toshab
{5) inspectian of radiographics

{6} Added inspection of piece paris

FREPARED AY: Dawe froudh, Luis Warquez REWISION: Basi AUPERSEDIMNG DATD 3094 RATE.  3/91
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CRITICAL ITEMS LIST

FAEE 1] OF 1k

AEFERERCE DESKGNATOR: 303 PHOIECT. IFM BREAKOUT BOK SUBSYSTEN: HWONE
MAIAE PG LUANTITY: TORGLE SNTCH /M LRU MAME SQUANTITY.  [FMI BREAKOLIT BOX ' 2 EFFECTIWTY; Al Orbiituri
DAAWIMNG REFERENCE: MEAS2-E181-TT LRU FART NURNBER: SEDMI1I17TZ

RETENTION RATIOMALE (Concluded)

d. ACHH 2 -Problem: Knob missing. Apptication of the latking compound was aot used toretain the knob wheh i1 was
installed. Assembly personng at KSCwere instructed 10 follow instailation progcedures.

@ AD1527 =Froblem: Linable to transfer switch; lever lock actuator could not be pulled from its lecked positian. The
external mechanism was found to be contaminated with Loc-tite. Assembly persannel at K50 were instrucled to be more
careful.

There are no knawn unresclved generic Jsues.

E. OPERATIONAL LISE -

1. Missionconiraints; Nane
2. Crew action: Install hackup IFM breaskout box; reset circuit breaker
I Protect againg next failure: Use backup IFM breakout box
4. ‘Special crew training: fong
FAEPARED BY: Dawe Crouch, Luh Vazques REWISION:  Basic SUPERSEDMING DATE: 3491 DATE: 3791
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